I. INTRODUCTION The antennas used for mobile telephony have experienced well recess of transformations to adapt to the needs of the market. These improvements are continuing to perfect parallel to the deployment of The Specific Absorption Rate (SAR) is a defined parameter for evaluating the power absorption in human tissue [4] .For the cellular phone compliance [5] , the SAR value must not exceed the exposure guidelines [6, 7] . The SAR limit specified in the IEEE C95.1: 1999 standard is 1.6W/Kg in a 1 g averaging mass, while that specified in the IEEE C95.1: 2005 standard has been updated to 2W/Kg in a 10 g averaging mass [6] . This new SAR limit specified in IEEE C95.1: 2005 is comparable to the limit specified in the International Commission on Non-Ionizing Radiation Protection (ICNIRP)
guidelines [7] in Europe, Japan, Brazil and New Zealand. In general, the SAR value is influenced by various parameters such as antenna positions relative to the human body, radiation patterns of the antenna, radiated power and antenna types [8] .
During the last years, many studies have discussed the evaluation of the SAR in human heads, as a function of the complexity and large scale involved in this type of problem [9, 10] .Recently, much attention have been devoted to the reduction of peak SAR in human head for mobile phone applications. So, different methods and techniques have been proposed to reduce SAR levels in human tissue, such as increasing the distance between the human head and the mobile handset antenna, auxiliary antenna elements, ferrite material, the electromagnetic band-gap (EBG) structures, artificial magnetic conductors (AMCs) surfaces, and metamaterials. As reported in [11, 12] , the effect of varying the distance between the antenna and user head has been investigated for a PIFA handset antenna, this study has shown that there is a proportional relation between SAR and antenna efficiency.
Furthermore, the researchers have investigated the effects of attaching particular materials to the antenna or mobile phones in order to reduce the peak SAR in human head. In [13, 14] , J. Wang, O. Fujiwara and T. Takagi discussed the effect of ferrite sheet attachment to mobile handset on the SAR reduction in human head. It is found that a reduction over 13% for the spatial peak SAR over 1 g averaging was achieved. On the other hand, the electromagnetic bandgap (EBG) structures are used for SAR reduction [15, 16] . In article [15] , an optimized multilayer PIFA with the EBG structure is introduced, the results show that the human head can be protected from hazardous EM fields using the EBG structure. As demonstrated in [17] , the EBG technique reduces the antenna SAR up to 75%.
The aim of this work is to examine the effects of electromagnetic radiation measured in terms of specific absorption rate (SAR) in a human head exposed to the radiation of a planar monopole antenna with a coupling feed and an inductive shorting strip for LTE/WWAN/WLAN internal mobile phone.
Detailed design considerations and radiation caracteristics of the proposed antenna are also described in this paper .Four human head models were used: homogeneous spherical head consisting of a glass shell and a sphere as the tissue equivalent materials, for the second model is a spherical seven layer head model. Fig.1 shows the configuration and dimensions of the planar monopole antenna with a T-shaped coupling feed and an inductive shorting strip for LTE/WWAN/WLAN operation in the internal mobile phone. The geometry of the proposed antenna is presented in Fig.1 . The antenna is formed by a T-Shaped driven strip, a radiating plate which is excited by using capacitive coupling feed technique and a meandered strip line with narrow width of 0.5 mm which is used as an inductive shorting strip.
In this research work , the developed antenna is fabricated on an FR4 substrate of thickness h=1.6 mm with relative permittivity 4.4, loss tangent 0.02 and size of 36×120 mm 2 was used as the system circuit board. The antenna is printed on the top ungrounded portion with a small size of In this section, we begin by evaluating the performance of our proposed antenna by simulation using CST MWS software which is based on Finite Integration Technique (FIT). Fig. 2 shows the simulated return loss of the proposed antenna, the case with a direct feed and a simple shorting strip (Case1), the case with a T-shaped coupling feed without a simple shorting strip (Case2) and the case with a T-shaped coupling feed and a simple shorting strip (Case3). Notice that these three cases A parametric study of important parameters of the proposed antenna are also investigated and analyzed in this work. Effects of the length T of the T-shaped driven strip are shown in Fig.3(a) .
Results for the length T varied from 14 to 30 mm are presented. It is found that large effects on both the antenna's lower and upper bands are seen. For the length T (T=14), the two wide bands are strongly controlled. Fig.3(b) shows three various gaps between the T-shaped and coupled radiating plate, the other dimensions are the same as given in Fig.1 . It can be observed that if the antenna works with the gap g=0.5 mm, better impedance matching can be obtained both in the antenna's lower and upper bands. seen. In this design, the preferred length L is determined to be 100 mm from the obtained results. 
III. SIMULATED AND EXPERIMENTAL RESULTS
The compact planar monopole with a coupling feed and an inductive shorting strip, for LTE/WWAN/WLAN internal mobile phone, was successfully fabricated and tested. Fig. 6 shows the photograph of the fabricated monopole antenna.The proposed antenna was simulated and measured.
The measured and simulated return loss curves for the constructed prototype are illustrated in Fig.7 .
The simulated results of CST MWS are compared with the Ansoft High Frequency Structure Simulator HFSS which is based on Finite Element Method (FEM), whereas the measured results are tested by using the Anritsu Vector Network Analyzer Master MS2028C. We can also find that a good agreement between the measured data and simulated results is obtained. In all results the bandwidth is defined by 3:1 VSWR or -6dB return loss, which is generally acceptable for practical mobile phone antennas .From the measured results it is clearly observed that the antenna is capable of generating two wide operating bands, the lower band has a bandwidth of 546 MHz (734-1280 MHz) which covers GSM850/GSM900, while the upper band has 1066 MHz (1934-3000MHz) which covers PCS1900/ UMTS2100/LTE2300/LTE2500/WLAN2400. The proposed antenna, without a plastic housing, is presented in Fig.1 . The simulated results were also obtained with the presence of the plastic housing of the antenna system. Moreover, to simulate a practical mobile phone casing, a plastic casing with a 1 mm thick plastic housing, relative permittivity 3.0 and conductivity 0.02 S/m, is used to enclose the system circuit board with a gap of 1 mm in distance between the plastic casing and the system circuit board, as seen in Fig.8(a) .Noted that the height of the plastic housing is 10 mm here, which is an attractive height for thin mobile phones, and the proposed planar monopole antenna is at the center of the plastic housing. Fig. 8 (b) depicted the simulated return loss against frequency about the two cases (with or without the presence of the plastic housing) for the proposed antenna. For more investigations of the antenna performances, Fig.9 IV. ELECTROMAGNETIC DOSIMETRY, POWER ABSORPTION AND SAR Electromagnetic dosimetry establishes the relationship between an electromagnetic field distribution in free space and the induced fields inside biological tissues, generally the human body [18] .
The Specific Absorption Rate (SAR) is defined as the time derivative of the incremental energy (dW) dissipated in an incremental mass (dm) contained in a volume element (dV) of a given density (ρ) [19] [20] [21] .
The SAR quantity is related to the internal E-field by:
In which, ρ is the mass density in kg/m 3 , σ is the electrical conductivity of tissue (S /m) , E is the root mean square (rms) of electric field strength in volts per meter and J is the current density (A/m 2 )
in tissue. A.
Human head model
In this study, four human head models have been considered. The first model is a homogeneous spherical head with a diameter of 200 mm, consists of a glass shell with 5 mm thickness and dielectric constant r =4.6 and a sphere with 95 mm radius as the head equivalent materials Fig.11(a) . Properties of the head tissue-equivalent dielectric and the glass shell are given in Table I [ Notice that, the local and average SARs levels are calculated within the spherical human head model, along the SAR line and normalized to the maximum distance 60 mm.
A. SAR distribution in homogenous head model
The effects of the operating frequency and the gap distance between the mobile phone antenna and the homogenous head model on SAR distributions are discussed in this section. Fig.12 shows the variation levels of the local SAR and the SAR averaging over a mass of 1 gram, at various gap distances (5 mm, 10 mm and 20mm) between the proposed antenna and the homogenous sphere head model, at the selective operating frequencies of 900 MHz, 2100 MHz and 2300 MHz. Noted that the antenna is positioned at the bottom of the mobile phone. It can be seen that the levels of the local and average SAR decreases when the gap distance increases, also with penetration into the homogenous head, the average SAR values for all frequencies decrease rapidly. 
B. SAR distribution in the seven-layer human head model
The SAR levels, for the spherical seven layer human head model, were also investigated using the Ansoft HFSS. Two cases of the antenna placed at the top and bottom positions are presented in Fig.11(d) and Fig.11(e) respectively. The effect of the gap distance between the antenna and the spherical seven layer head model on SAR distributions at selective frequencies is systematically analyzed. layers with high values of SAR, because these tissues have relatively high dielectric proprieties (conductivity and relative permittivity) value compared to the fat, skull, dura and brain. When the proposed antenna is very close to the seven layer head model (5 mm), the SAR levels exceed the FCC standard, in skin and muscle layers at the three frequencies of interest, but when the gap distance is fixed to 10 mm, only the SAR value in muscle tissue exceed the standard SAR limit which is 1.6 W/kg, at the frequencies of 900 MHz and 2100 MHz. Also it was found that, for all frequencies, the SAR levels in all tissues decreased when the gap distance increased from 5 mm to 20 mm. Fig.15 shows the comparison of the average 1 g SAR distribution inside the spherical seven layer human head model, at various gap distances, at different frequencies of 900 MHz, 2100 MHz, 2300 MHz, 2400 MHz and 2500 MHz. Notice that the antenna is placed at the bottom of the mobile phone as shown in Fig.11 (e) . From the obtained results illustrated in Fig .15 , when the gap distance is fixed to 5 mm, the SAR values in muscle tissue exceed the standard limit, only at the selected frequencies of 2100 MHz and 2300 MHz. On the other hand, for the two gap distances d= 10 mm and d= 20 mm, the SAR levels in all tissues are all below the standard limit, for all selected frequencies.
In addition, it can be observed that increasing the gap distance will lead to rapid decrease in the levels of the SAR.
Based on the simulation results, there is a certain influence of the gap distance between the antenna and human head on SAR reduction, as can be observed in Fig.14 and Fig.15 . If the distance between the antenna and the spherical seven layer head model is increased from 5 mm to 20 mm, then the SAR levels also decreases. In addition, the SAR levels differ from one tissue to another because different tissues are located differently with respect to the monopole antenna and electric parameters (conductivities, relative permittivity) vary among the tissues. It can be seen from the simulated results that the SAR values at the bottom position are lower than at the top position. It seems that placing the antenna at the bottom edge is more promising for practical mobile phone applications. The simulated 3D 1 g SAR distributions (W/kg), and 2D 10 g SAR (W/kg), inside the spherical seven layer human head model are presented in Fig.16 and Fig.17 respectively, at the frequencies of 900 MHz,1900 MHz ,2100 MHz,2300 MHz,2400 MHz and 2500 MHz, with the gap distance fixed to 20 mm obtained using CST MWS. Notice that the mobile phone in the study has the proposed antenna positioned at the bottom of the system circuit board. The SAR calculations for 1 g and 10 g head tissues, obtained using the CST MWS, are listed in Table IV . It is found that for all aforementioned operating frequencies, the SAR in 1 g head tissue was always higher than the SAR in 10 g head tissues. Moreover, the SAR values obtained from this study are below the SAR limit of 1.6 W/kg for the 1 g head tissue (according to the FCC standard) and 2.0 W/kg for the 10 g head tissue (according to the ICNIRP standard). 
D. SAR distribution in the HUGO human head model
In this section, we evaluate the SAR in the anatomically based head model, called HUGO human Table VII exhibits the comparison of simulated SAR in 1 g and 10 g head tissues, for the proposed antenna placed at the bottom position of the mobile phone, with the presence of the homogenous spherical head model and SAM phantom head with reference antenna [25] , for the selected operating frequencies. In this study, two gap distances d=5 mm and d=10 mm between the antenna and the phantom head are analyzed. From the table, it is found that the peak 1 g and 10 g SARs obtained by simulation, for the proposed antenna, with the presence of the homogenous head and SAM phantom head are close to each other. In addition, by comparing the peak SARs for the two SAM phantoms, it is clearly seen that the proposed antenna shows a lower SAR values in comparison to published work.
Furthermore, from the obtained results listed in Table VI and Table VII , we conclude that the homogenous spherical head and SAM phantom head produce higher SAR than the HUGO human head model. promising for the appropriate for the antenna to be placed at the bottom position of the mobile phone, to achieve low SAR values in practical applications.
